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For the successful cultivation of most undomesticated fruit trees such as shea butter tree (Vitellaria paradoxa C.F.Gaertn.), there 
is a need to identify their nutrient requirements and optimal growth conditions. Responses of shea seedlings to combined N 
and P fertilization, and to inoculation with arbuscular mycorrhizal (AM) fungi was investigated. Six months old shea seedlings 
were transplanted into pots and grown for six months using a sterile nutrient-deﬁcient soil. The seedlings were inoculated with 
the AM fungus Glomus intraradices Schenk & Smith. The fertilization treatments consisted of a factorial combination of three 
levels of N supplied as NH4NO3-N and P supplied as Ca(H2PO4)2. Fertilization stimulated plant height, collar diameter and dry 
weights (DWs) compared with non-fertilized treatments. These improvements were associated with an increase in total shoot 
N and C uptake (33% increase) whereas P and K contents were not affected. There was signiﬁcant N x P interaction on DWs 
and total shoot N and C contents, suggesting that seedling N responses were inﬂuenced by P rates. Consistent N responses in 
DWs, and total shoot N and C uptake were signiﬁcant at the lowest P rate. P increases promoted growth and total shoot nutrient 
contents in low N-treated seedlings, while reducing growth in higher N rates. The combined application of medium and high 
rates of N and P fertilizers showed relatively low impact on seedling growth presumably because of suboptimal N:P ratios. 
Mycorrhizal root colonization was generally low (≤ 12%) and was not affected by any of the treatments. There was also no 
response to inoculation with AM fungi probably because the established mycorrhizal association was ineffective. The potential 
use of both mineral fertilizers and AM fungi to promote growth performance of shea seedlings are discussed.
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Amélioration de la croissance juvénile du karité (Vitellaria paradoxa) par l’utilisation d’engrais minéraux (azote et 
phosphore) et de champignons endomycorhiziens à vésicules et arbuscules (MVA). Pour réussir la culture de la plupart des 
arbres à fruits non domestiqués comme le karité (Vitellaria paradoxa C.F.Gaertn.), il est nécessaire d’en identiﬁer les besoins 
nutritionnels et les conditions optimales de croissance. Les réponses de plants de karité à l’azote (N), au phosphore (P) et à 
l’endomycorhization (VA) ont été étudiées. Des plants de 6 mois ont été transplantés en pots, sur un sol désinfecté et pauvre 
en éléments nutritifs, et cultivés pendant 6 mois. Les plants ont été inoculés avec le champignon MVA Glomus intraradices 
Schenk & Smith. Les traitements de fertilisation ont consisté en une combinaison factorielle de trois doses de N apporté sous 
forme de NH4NO3-N, et de P appliqué sous forme de Ca(H2PO4)2. La fertilisation a stimulé la croissance en hauteur, le diamètre 
au collet et les biomasses sèches, comparativement aux traitements sans fertilisants. À ces améliorations était associée une 
augmentation des prélèvements totaux des parties aériennes en N et en carbone (C) (33 %), alors que les teneurs en P et en K 
n’ont pas été affectées. Des interactions N x P signiﬁcatives ont été observées pour les biomasses sèches, et les prélèvements 
totaux des parties aériennes en N et C, suggérant que les réponses au N étaient inﬂuencées par la dose de P. À faible dose 
de P, les réponses en termes de biomasses sèches et de prélèvements totaux en N et C ont été constantes et signiﬁcatives. 
L’augmentation de la dose de P a stimulé la croissance et les prélèvements totaux des parties aériennes en minéraux dans les 
cas des plants traités à faible dose de N, alors qu’aux doses plus élevées en N, la croissance en a été réduite. L’application 
combinée de N et de P, pour les doses respectives moyennes et élevées, a eu peu d’impact sur la croissance des plants, du 
fait vraisemblablement de rapports N:P déséquilibrés. En général, le taux de colonisation endomycorhizienne a été faible 
(≤ 12 %) et n’a pas été inﬂuencé par les facteurs étudiés. Il n’y a pas eu de réponse à l’inoculation probablement parce que 
les endomycorhizes formées étaient inefﬁcaces. Les potentialités de l’utilisation des fertilisants minéraux et des champignons 
mycorhiziens en vue de promouvoir la croissance juvénile du karité sont discutées.
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1. INTRODUCTION
Shea  tree  (Vitellaria  paradoxa  C.F.Gaertn.)  also 
known as Karité (in French) is an indigenous fruit tree 
of Sudano-Sahelian Africa. There are two subspecies 
of  V.  paradoxa,  one  of  which  (subsp.  paradoxa) 
extends from Senegal eastwards to the Central African 
Republic whilst the other (subsp. nilotica) occurs in 
southern Sudan and Ethiopia, Uganda and northeast 
Zaire (Boffa, 1999). In most parts of its natural range, 
shea is of great economic and ecologic importance, 
often being the main component of the tree stratum in 
traditional parkland systems, which are farmlands with 
scattered trees forming an open permanent over-storey 
of associated annual crops (Bonkoungou, 1992). As a 
perennial woody species, that shed its leaves annually, 
shea tree is thought to play a major role in nutrients 
recycling through the decay of its leaves and ﬁne roots 
at the soil surface (De Bie et al., 1998; Bayala et al., 
2006). The  litter  of  shea  was  shown  to  have  lower 
nutrient  content  compared  with  Parkia  biglobosa 
(another common parkland non N2-ﬁxing Leguminous 
tree), and it was found to decompose at a low rate with 
time (Bayala et al., 2005), suggesting a more sustainable 
impact on soil fertility (Bayala et al., 2006).
Furthermore, shea tree is highly valued by farmers, 
mostly because of its fat containing kernels which are 
sold both in local and international markets, thereby 
considerably  contributing  to  wealth  creation.  The 
vegetable  fat  of  shea  nut  is  second  in  importance 
only  to  palm  oil  in  Africa  (Hall  et al.,  1996).  The 
commercialization  of  shea  products  represents  an 
important source of income at different parts of the 
community chain, from community levels, with rural 
children and women who gather and process nuts, to 
town dwellers as well as entire countries (Bonkoungou, 
1992; Boffa et al., 1996). For instance, shea nut was 
the third export product of Burkina Faso in the 1980’s 
(World  Bank,  1989).  Shea  tree  also  provides  fruits, 
medicine,  construction  materials,  fuel  wood  and 
carving wood (Hall et al., 1996).
Despite its great contribution to the local economies, 
shea tree remains undomesticated probably because of 
lack of tradition to plant local tree species. Indeed, shea 
tree parklands result from naturally occurring individual 
trees that are protected by farmers when clearing their 
ﬁelds,  thus  creating  parkland  systems  (Boffa  et al., 
1996).  These  parklands  have  been  reported  to  be 
degrading steadily resulting in decreasing tree density 
and vegetation cover as well as reduced soil fertility 
(Gijsbers et al., 1994; De Bie et al., 1998; Ouédraogo, 
2006). This trend suggests the need to use artiﬁcial 
regeneration to promote this species in farmer’s ﬁelds.
Nutrient deﬁciencies, especially low soil phosphorus 
(P) and nitrogen (N), constitute the most important soil 
limiting factors for food crop production throughout 
the Sudano-Sahelian zone of Africa (Bado et al., 2006; 
Tittonell et al., 2007), but their effects on sexual tree 
regeneration is less known, possibly because so far little 
attention has been paid to the nutrition of the woody 
plants of arid parklands. Most existing information on 
the response of wild trees to N and P application on 
soils of low nutrient status is either through the common 
use of starter fertilizers to boost initial seedling growth 
rate, or from labeling experiments mainly in N2-ﬁxing 
legumes (Karanja et al., 1999; Binkley et al., 2003). 
Thus, very few studies can be found that have varied 
nutrients availability to assess their full potential in 
tree management (Sanginga et al., 1990; Karanja et al., 
1999).  Consequently,  basic  information  on  nutrient 
requirements of important indigenous tree species is not 
readily available, leading to lack of practical fertilizer 
prescription. The practice of using N and P fertilizers 
separately is seen as one factor contributing to low 
fertilization efﬁciency because it always overlooks the 
advantageous interaction that often occurs between both 
elements when fertilizers are incorporated in association 
into  the  soil  (Teng  et al.,  1996).  Therefore,  from  a 
domestication perspective, the evaluation of N and P 
interaction appears to be important as a prerequisite for 
determining how both fertilizer types can be managed 
to promote rapid seedling establishment and growth 
in slow growing tree species on the one hand. On the 
other hand, crops and tree species native to arid and 
semi-arid areas are widely reported to rely, to some 
extent,  on  arbuscular  mycorrhizal  (AM)  fungi  for 
nutrients acquisition and growth, especially when soils 
are  nutrient-depleted  (Ingleby  et al.,  1997;  Guissou 
et al., 1998; Bâ et al., 2000). By developing an external 
mycelium that extends beyond the rooting zone, AM 
fungi enable the host plant to explore a greater volume 
of soil for increased nutrient absorption, particularly 
less mobile elements such as P, resulting in improved 
host growth and survival (Smith et al., 1997). Although 
the occurrence and efﬁciency of AM fungi have been 
widely  examined  in  most  valuable  undomesticated 
fruit trees (Bâ et al., 2000; Mathur et al., 2000), little 
is known of the mycorrhizal status and responsiveness 
of  inherently  slow  growing  species  such  as  shea 
tree. Here we report the results from the nursery of a 
fertilization experiment that aimed at examining the 
interaction between N and P addition on growth and 
nutrient uptake of shea seedlings. We also examined 
root symbiosis with arbuscular mycorrhizal fungi, as 
an  important  factor  that  mediates  plant  P  nutrition, 
by investigating to what extent root colonization and 
mycorrhizal efﬁciency in this species could cope with 
N and P fertilization. We hypothesized that colimitation 
of N and P could contribute to the slow growth rate 
of  shea  species,  and  that  the  availability  of  these 
nutrients could interact to inﬂuence seedling growth 
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2. MATERIAL AND METHODS
2.1. Experiment soil characteristics and its 
preparation
The  experimental  soil  was  collected  from  alluvial 
deposits near Manga (Zoundweogo Province, Burkina 
Faso). The soil consisted of clay 2.3%, sands 93.1% 
and silt 1%, and had the following characteristics: pH 
in water (1:2.5) 6.66, pH KCl 5.49, P total 123 ppm, 
Olsen-Dabin  available  P  4 ppm,  organic  carbon 
0.31%, total Kjeldahl nitrogen 0.018%, exchangeable 
bases 2.2 meq%, Ca 1.76 meq%, Mg 0.30 meq%, Na 
0.04 meq%, K 0.10 meq%, and CEC 1.51%. The soil 
was  sieved  (2 mm  mesh),  autoclaved  at  120°C  for 
1 hour, and transferred to 15 l pots (30 cm diameter, 
30 cm high) (7 kg.pot-1).
2.2. AM fungal inoculum
Arbuscular  mycorrhizal  fungus  Glomus  intraradices 
Schenk  &  Smith  (isolate  IR14  obtained  from  IRD, 
Dakar,  Senegal)  was  propagated  using  pearl  millet 
(Pennisetum  glaucum)  as  the  host  crop.  For  the 
trapping cultures, 15 cm diameter pots were planted 
with 40-50 seeds per pot of pearl millet. Cultures were 
grown in a greenhouse for three months to increase the 
inoculum. For the AM fungi treatments, inoculation 
was done at the time of transplanting by adding 10 g 
of crude stock culture below seedlings that consisted 
of  soil,  spores  (approximately  110.g-1),  hyphae  and 
infected root fragments. Non-mycorrhizal pots received 
no inoculum or soil washings.
2.3. Plant material and culture
Seeds of Vitellaria paradoxa were collected in June 
2002 in a parkland at Saria, a village located 80 km 
West of Ouagadougou, the capital city of Burkina Faso. 
The fruits were transferred to the laboratory in dark 
plastic bags and kept at room temperature for one week. 
Seeds were carefully separated from the ﬂeshy pulp 
under tap water stream and surface-sterilized with 10% 
sodium hypochlorite for 10 min. They were sown for 
germination in pots (50 cm diameter, 20 cm high) ﬁlled 
with sterilized soil. The pots were mounted on metallic 
benches 25-30 cm high in a greenhouse at ambient air 
conditions. Watering was done daily at ﬁeld capacity. 
To allow free draining several 2-3 mm lateral holes 
were made 2 cm above the base of each pot. After six 
months single seedlings were transplanted to 15 l pots 
containing 7 kg of sterile sandy soil. Each seedling was 
inoculated with 10 g of soil when transplanting. The 
pots were watered daily with 400 ml, which represent 
two-third of ﬁeld capacity of the substrate used in the 
present experiment. Biweekly, the daily water supply 
was replaced by similar amount of a nutrient solution 
which  was  free  of  both  N  and  P,  and  consisted  of   
2 mol.m-3 MgSO4. 7H2O, 0.55 mol.m-3 K2SO4, 1.9 mol.
m-3  KCl,  2.8 mol.m-3  CaCl2.2H2O,  plus  Sequestrene 
and micronutrients (Mahon, 1977).
2.4. Treatments and experimental design
Treatments  consisted  of  a  3 x factorial  combination 
of  three  rates  of  P  (0.7,  3.6  and  6.4 mg.kg-1) 
as  Ca(H2PO4)2  and  three  levels  of  N  (2,  7  and   
12 mg.kg-1)  as  NH4NO3-N  (Table 1).  For  each 
treatment, the appropriate quantities of both fertilizers 
were delivered in the nutrient solution outlined above. 
Under each pot there was a container collecting the 
drained solution that was regularly put back in the pot 
between two solution application events. There were 
two additional control treatments. In one case, seedlings 
were raised as described above but without N and P 
additions (control 1). In the second control treatment 
(control 2), seedlings were solely irrigated with water, 
i.e. without either fungal inoculum, nutrient solution 
addition,  nor  N  and  P  amendements  (Table 1). The 
levels of K and Ca were adjusted accordingly using 
KOH and Ca(OH)2, respectively. The experiment was 
performed as a randomized complete block design with 
ﬁve replicates.
2.5. Data collection
Shoot height and collar diameter were recorded before 
plants  were  depoted  six  months  after  transplanting. 
Roots were washed free of soil, and were separated 
from shoots. Root sub-samples each of about 1 g (fresh 
weight) were taken randomly to access mycorrhizal 
colonization. Root samples were stained with 0.05% 
Trypan blue (Phillips et al., 1970), and the percentage 
Table 1. Composition of nutrients and mycorrhizal status 
of  treatments  applied  to  shea  seedlings — Composition 
minérale et statut mycorhizien des traitements appliqués aux 
plants de karité.
Treatment  N  P  AMF  Micronutrients
  (mg/plant)   (mg/plant)
  1    2  0.7  +  +
  2    2  3.6  +  +
  3    2  6.4  +  +
  4    7  0.7  +  +
  5    7  3.6  +  +
  6    7  6.4  +  +
  7  12  0.7  +  +
  8  12  3.6  +  +
  9  12  6.4  +  +
10 (control 1)    0  0  +  +
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of root infection was assessed according to Tomlinson 
et al. (1995). All plant fractions were dried at 65°C for 
48 hours and weighed. Shoot tissue was ground for 
chemical analyses of N, P, K and C in the laboratory 
of the Institut de l’Environnement et de Recherches 
Agricoles (INERA). For Ntot, Ptot and Ktot, samples were 
ﬁrst digested in a mixture of H2SO4-Se- H2O2 at 450°C 
for 4 h, following the method of Walinga et al. (1995). 
An automatic colorimeter (Skalar SANplus Segmented 
ﬂow analyzer, Model 4000-02, Breda, The Netherlands) 
was used to determine the Ntot and Ptot contents in the 
digested solution. Ktot was determined using a ﬂame 
photometer  (Jencons  PFP  7,  Jenway  LTD,  Felsted, 
England). Total organic matter content was determined 
from mass loss after ignition at 550°C for 5 h and then 
total carbon was derived from total organic matter.
2.6. Statistical analyses
All  data  were  subjected  to  analysis  of  variance 
(ANOVA) using the General Linear Model procedure 
(GLM) (SAS, 1990). For all variables, homogeneity of 
variance was tested before the ANOVA was calculated. 
Orthogonal  contrasts  were  performed  to  test  linear 
and quadratic trends (linear regressions) in seedling 
responses  to  N  and  P  fertilization,  and  to  compare 
means of treatments.
3. RESULTS
3.1. Plant growth patterns and dry matter 
partitioning
Seedlings supplied with N and P fertilizers displayed 
higher collar diameter and height compared with non-
fertilized plants (P < 0.05; Tables 2 and 3; Figure 1). 
Without  fertilization,  there  was  no  signiﬁcant 
difference  in  these  variables  between  treatments 
(control treatments), either seedlings were inoculated 
with AM fungi and received the basal nutrient solution, 
or  were  solely  irrigated  with  water  (Tables 2  and 
3). The combined application of N and P fertilizers 
improved  shoot,  root  and  whole  plant  dry  weights 
(DWs) compared with the control treatments (P < 0.01 
to 0.05; Tables 2 and 3; Figure 1). No signiﬁcant main 
effects of N or P were found on any of these growth 
parameters  (P > 0.05,  Table 2).  A  signiﬁcant  N x P 
interaction was however found for all seedling DWs 
components (P < 0.05; Table 2; Figure 1). In general, 
responses to fertilization in shoot, root and whole plant 
DWs were the lowest in the low N-low P treatment   
(2 mg N and 0.7 mg P.kg-1). Furthermore, the application 
of P fertilizer at increasing rates consistently stimulated 
DWs  accumulation  in  treatments  that  received  the 
lowest N level. Conversely, there was a trend of severe 
decrease in seedlings DWs with increasing P addition 
for treatments that received higher N rates. Overall, 
on the basis of root and whole plant DWs the greatest 
responses were associated with two different treatments, 
i.e. low N-high P and high N-low P (Figure 1).
3.2. Nutrient uptake of shoots
As  for  seedling  DWs,  the  main  effects  of  N  and  P 
on  total  shoot  nutrients  uptake  were  not  signiﬁcant 
(P > 0.05, Table 4). There was no signiﬁcant difference 
between  treatments  in  total  shoot  P  and  K.  The 
fertilized seedlings however had higher total shoot N 
and C (33% on average) than the control treatments 
(P < 0.01; Tables 3, 4 and 5). Moreover, there was a 
signiﬁcant N x P interaction for total shoot C and N 
contents  which  followed  similar  patterns  as  DWs 
(P < 0.05; Tables 4 and 5). At the lowest P rate, total 
shoot N and C response to N addition occurred, mean 
values at the highest N rates being 1.4 and 1.6 times than 
these observed at the lowest N rate, respectively. The 
corresponding N:P ratio for the solution varied from 
3 to 17 while that for shoots increased from 15 to 34. 
The magnitude of the response was however reduced 
when  fertilizer  supply  exceeded  the  lowest  rate  of   
0.7 mg P.kg-1, so that in high P treatments, there was 
only  about  15%  difference  in  shoot  N  content  and 
less than 10% variation in shoot C uptake between 
the  low  N  and  high  N-treated  seedlings  (Table 5). 
These treatments resulted in very low N:P ratios for 
the solution (0 to 3) and inconsistent shoot N:P ratios 
which varied from 15 to 28.
3.3. AM fungi colonization
Percentage  of  root  colonization  by  G.  intraradices 
was  generally  low,  ranging  from  5  to  12%  across 
all  AM  fungi-inoculated  treatments.  There  was  no 
signiﬁcant effect of N and P addition on percentage 
of root colonization (P > 0.05). Moreover, similar root 
colonization  was  found  between  NP-fertilized  and 
non-fertilized mycorrhizal seedlings (Table 5).
4. DISCUSSION
The results of the present study showed that growth of 
shea seedlings was responsive to N and P fertilization, 
irrespective of their mycorrhizal status. This is clear 
from the improved height growth, and increased shoot, 
root  and  whole  plant  DWs  in  NP-treated  seedlings 
relative to non-fertilized seedlings. At ﬁrst sight, one 
important implication of these results is that although 
shea  tree  is  widely  recognized  as  a  slow  growing 
species, its inherent poor growth may be partly due to 
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substrate used in the present study was much less fertile 
compared to most of the soils in the distribution range 
of shea.
The application of N and P fertilizers also caused 
increases in shoot N and C contents whereas total shoot 
P  and  K  uptakes  were  not  affected,  suggesting  that 
inadequate soil N supply was limiting seedling growth. 
Thus, although both soil N and P were simultaneously 
increased by fertilizers application, fertilization mainly 
acts by overcoming a N limitation to the effective use of 
assimilates for growth. Nitrogen stress of growth may be 
more widespread in trees species than P deﬁciency since 
similar results have been found in other studies (Elliot 
et al., 1994; Davidson et al., 2004). Tree growth in the 
Amazonian forests was found to be responsive to N, but 
not to P fertilization, though soils had low P availability 
(Davidson et al., 2004). Elliot et al. (1994) found that P 
addition had no effect on growth of temperate red pine 
Table 2. Analysis of variance for height, collar diameter, and dry matter weight of 12 months old shea seedlings supplied with 
varying levels of N and P. The seedlings were inoculated with the AM fungus Glomus intraradices — Analyse de variance de 
la hauteur, du diamètre au collet et des rendements en biomasse sèche de plants de karité de 12 mois auxquels N et P ont été 
apportés à des doses variables. Les plants furent inoculés avec la souche MVA de Glomus intraradices.
Source of variation  Df  Mean squares (x 10)
    Height  Diameter  Dry matter weight
        Shoot  Root  Whole plant
Replication    4  114   769*    3    35    56
  1N + P vs no fertilizer    1  350*  1  948*  14**    89*  174**
  2Control 1 vs 3Control 2    1    25   144    0      1      1
Nitrogen (N)    2    64   843    4    31    57
  4NL    1      4   388    3      9    22
  5NQ    1  119  1  146*    5    48    83
Phosphorus (P)    2  172   394    2      9    18
  6PL    1  339*   767    3    14    30
  7PQ    1      2     32    0      3      4
N*P    4  200   460    6*    41*    70*
  NL*PL    1    10   963    5  136**  192**
  NL*PQ    1  372*   124    5      3    16
  NQ*PL    1      5     21    3      3    12
  NQ*PQ    1  307   592    7*    16    46
Error  34***    80   271    2    14    22
1Combined application of phosphorus and nitrogen (N+P) — Apport combiné d’azote et de phosphore (N+P); 2AMF-inoculated plants and 
basal micronutrients solution (control 1) — Plants inoculés avec le champignon MVA et la solution basale de micro-éléments (témoin 1); 
3Uninoculated plants solely irrigated with water (control 2) — Plants non inoculés avec arrosage uniquement à l’eau (témoin 2); 4Linear 
effect of N — Effet linéaire de N; 5Quadratic effect of N — Effet quadratique de N; 6Linear effect of P — Effet linéaire de P; 7Quadratic 
effect of P — Effet quadratique de P; *, ** Signiﬁcant at the 0,05 and 0,01 probability levels, respectively — Signiﬁcatif aux niveaux de 
probabilité 0,05 et 0,01, respectivement; Df: degree of freedom — degré de liberté; *** This value takes into account the fact that some 
plants died during the experience —  Cette valeur tient compte de ce que certains plants sont morts au cours de l’expérience.
Table 3. Growth performance and total shoot nutrient uptake of 12 months old shea seedlings without N and P fertilization. 
Seedlings were either inoculated with the AM fungus Glomus intraradices and irrigated with a micronutrients solution 
(control 1), or left uninoculated and watered (control 2) — Performance de croissance et prélèvements totaux en éléments 
minéraux des parties aériennes de plants de karité de 12 mois. Les plants étaient soit inoculés avec le champignon MVA 
Glomus intraradices et arrosés avec une solution de micro-éléments (témoin 1) ou maintenus non-inoculés et arrosés à l’eau 
(témoin 2).
Treatment  Height (cm)  Collar diameter (mm)  Dry matter weight (g)  Shoot uptake (mg)
      Shoot  Root  Whole plant  N  P  K  C
Micronutrients  10.9  2.6  1.4  4.0  5.3  18  1.2  33  640
  + AMF (Control 1) 
N 0 AMF   11.9  2.3  1.3  4.2  5.5  16  0.9  27  620
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Figure 1.  Dry  matter  yields  of  (a)  shoot,  (b)  root  and  (c)  whole  plant,  (d)  height,  (e)  collar  diameter  of  12 months 
old shea seedlings supplied with varying levels of N and P. The seedlings were inoculated with the AM fungus Glomus 
intraradices — Rendements en biomasse sèche (a) des parties aériennes, (b) des parties radiculaires, (c) de la plante entière, 
(d) hauteur,  (e) diamètre au collet de plants de karité de 12 mois auxquels N et P ont été apportés à des doses variables. Les 
plants ont été inoculés avec le champignon MVA Glomus intraradices.
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seedlings whereas N supply affected both total biomass 
and other biomass components. Baker et al. (2003) also 
reported the limitation in growth of Celtis mildbraedii 
due to the relative availability of N in valley soils in 
semi-deciduous tropical forest of Ghana. In our study, 
shoot P and K uptake showed no signiﬁcant difference 
between NP-amended and control treatments possibly 
because of sufﬁcient soil supplies of these elements. In 
particular, similar shoot K content was expected since 
K fertilization was made similar among all treatments. 
An alternative explanation for the lack of response in 
shoot P content may be that the seed source P could 
have been sufﬁcient to meet growth requirements of 
this nutrient. Seed length of shea tree as large as 1.7 
to 3.7 cm have been reported for several accessions in 
Ghana (Lovett et al., 2000). This may be associated 
with large seed P reserves that could have contributed 
at least a major portion of P allocated to shoot at the 
early  seedling  development  phase  (Mulligan  et al., 
1988; Kabir et al., 2000).
Table 4. Analysis of variance for shoot nutrients uptake of 12 months old shea seedlings supplied with varying levels of N 
and P. The seedlings were inoculated with the AM fungus Glomus intraradices — Analyse de variance des prélèvements en 
éléments nutritifs des parties aériennes de plants de karité de 12 mois auxquels N et P ont été apportés à des doses variables. 
Les plants ont été inoculés avec le champignon MVA Glomus intraradices.
Source of variation  Df  Mean squares
     Total N (x 103)   Total C  Total P  Total K (x 103)
Replication    4    75*    57  1224  124
1N + P vs. no fertilizer    1  257**  314**      11      8
  3Control 1 vs 2Control 2    1      7      1    227      9
Nitrogen (N)    2    67    92    722    14
  4NL    1    30    71  1224    20
  5NQ    1    91    96    127      5
Phosphorus (P)    2    23    37    619      7
  6PL    1    46    72    985      7
  7PQ    1      1      1    294      8
N*P    4    76*  116*    617    18
  NL*PL    1    48  107      80      2
  NL*PQ    1    89  109      68    11
  NQ*PL    1    34    54    450    10
  NQ*PQ    1    94  138  1958    41*
Error  34    25    34    865       8
1combined application of phosphorus and nitrogen (N+P) — apport combiné d’azote et de phosphore (N+P); 2AM fungus-inoculated 
plants + basal micronutrient solution (control 1) — plants inoculés avec le champignon MVA + la solution basale de micro-éléments 
(témoin 1); 3uninoculated plants solely irrigated with water (control 2) — plants non inoculés avec arrosage uniquement à l’eau 
(témoin 2); 4linear effect of N — effet linéaire de N; 5quadratic effect of N — effet quadratique de N; 6linear effect of P — effet linéaire de 
P; 7quadratic effect of P — effet quadratique de P; *, ** signiﬁcant at the 0,05 and 0,01 probability levels, respectively — signiﬁcatif aux 
niveaux de probabilité 0,05 et 0,01, respectivement.
Table 5. Average shoot nutrient uptake of 12 months old shea seedlings supplied with varying levels of N and P — Prélèvements 
moyens des parties aériennes de plants de karité de 12 mois auxquels N et P ont été apportés à des doses variables.
Treatment (mg.kg-1)  Root colonization (%)  Total shoot uptake (mg per plant)
P   N    N  P  K  C
0.7    2    8.1  18.9    1.2  28.5    638
    7    6.9  20.2    0.8  31.2    732
  12  10.3  26.7    1.7  39.0    996
3.6    2  11.8  25.8    0.8  30.9    890
    7    7.1  23.9    1.6  35.5    888
  12    5.4  20.8  13  28.1    771
6.4    2    8.2  24.1    0.7  34.7    920
    7    8.3  18.7    0.7  27.8    688
  12  11.8  27.8    1.0  43.5  1002100  Biotechnol. Agron. Soc. Environ. 2009 13(1), 93-102  Dianda M., Bayala J., Diop T. & Ouédraogo S.J.
Among the fertilized treatments however, responses 
to increasing N addition in plant parts growth, and 
shoot N and C uptake were strongly dependent upon 
P rates, as also reported in other studies (Teng et al., 
1996; Davidson et al., 2004). Patterns of responses in 
shoot nutrient contents were very similar to those in 
growth characteristics but trends were closer to root 
DWs. There was a relatively higher variability in shoot 
than root-related traits because the variation in shoot 
traits  was  largely  inﬂuenced  by  the  fact  that  some 
individual seedlings randomly produced resprouts and 
therefore, had developed multi-stemmed above ground 
parts (data not shown). On the other hand, the highest 
magnitude of responses to fertilization was observed 
in the high N-low P and low N-high P additions, which 
were  the  most  contrasted  treatments  studied.  The 
ability of shea seedlings to withstand such a broad 
spectrum of nutrient concentrations suggests that the 
species could be tolerant or adapted to a wide range 
of nutritional conditions. Most NP-treated seedlings 
however  showed  reduced  responses  to  fertilization 
which  may  be  related  to  differences  in  N:P  ratios 
between treatments. Elliot et al. (1994) found that N 
response of red pine decreased with leaf N:P ratios as a 
result of a relative lack of P for N:P values above 10. In 
the present study responses to N additions at the lowest 
P rate were associated with increases in N:P ratios of 
seedling shoots. This supports the observation that soil 
N supply was limiting growth of shea seedlings. At the 
highest growth response, N:P ratios was about 34 for 
shoot. Nitrogen fertilization alone has been found to 
increase both foliar N concentration and N:P ratios of 
hybrid poplars stands growing on soils of low N and P 
status (Brown et al., 2005). With the exception of the 
low P treatments, the fertilization resulted in low N:P 
ratios (less than 4 for the nutrients solution and between 
15 and 28 for shoots), which were less related to the 
plant responses. This suggests that other factors could 
have been involved in the growth patterns of seedlings 
in these treatments. For example, toxic levels of some 
nutrients  could  have  been  reached  at  the  highest 
fertilizer rates. In this regard, symptoms of excessive 
N supply likely occurred at the highest N rate (12 mg 
N.kg-1) since seedling responses dropped severely from 
peaks as P increased, similarly to trends reported by 
Teng et al. (1996) in white spruce. For P fertilization 
however, the rates applied to shea seedlings in this 
study can be considered as in the range of available 
P (about 0.6 to 5.2 mg.kg-1) recorded for soils in shea 
tree and Parkia sp. parklands in Burkina Faso (Bayala 
et al.,  2002). According  to  Ågren  (2004),  difﬁculty 
in analyzing N:P ratios stems from possible uptake 
above what is immediately required for growth. Thus, 
N and P requirements for growth are best determined 
at  limiting  rates  of  both  nutrients  under  similar 
conditions. From the results of the present study, it is 
clear that to investigate the N need for optimal growth 
of shea seedlings, N dosage much lower than 12 mg.
kg-1 should be used under conditions of P shortage. 
Nevertheless,  the  results  showed  that  good  growth 
of  shea  seedlings  can  be  obtained  from  different 
combinations of N and P fertilizers, as revealed by 
the large extent of responses observed in the two best 
fertilization treatments.
Without  fertilizer  application,  the  seedlings 
displayed similar DWs and comparable shoot nutrient 
uptake,  regardless  of  the  mycorrhizal  treatment, 
possibly  because  the  association  between  shea  tree 
and the AM fungus G. intraradices was ineffective. 
Guissou et al. (1998) observed that the same strain (G. 
intraradices) was invasive but not efﬁcient for three 
Sahelian fruit trees, though root colonization in their 
study  was  higher  than  that  observed  in  the  present 
work.  Bâ  et al.  (2000)  also  showed  relatively  low 
efﬁciency of this fungal strain using a larger set of fruit 
trees species from the Sahel area. Responses to AM 
fungi inoculation may however have been inﬂuenced 
by other factors such as the host (Sylvia et al., 2003) 
or soil properties (Karanja et al., 1999). Mycorrhizal 
associations  are  generally  expected  to  improve  P 
nutrition  of  susceptible  species,  especially  under 
conditions of P limitation (Smith et al., 1997). In our 
study the lack of response to AM fungi inoculation is 
consistent with the observation that even P fertilization 
did not affect P nutrition of shea seedlings, conﬁrming 
that  no  P  stress  was  evident.  The  mycorrhizal 
relationships with shea seedlings were similar to those 
of several other Sahelian fruit trees that were reported 
to be mycorrhized but inherently non responsive to AM 
fungi inoculation (Bâ et al., 2000). Since our results 
are based on data from a single fungal strain, it appears 
impossible however to make a general statement on 
the responsiveness of shea seedlings to mycorrhizal 
inoculation.  Therefore,  further  investigations  using 
different fungal strains should be carried out to address 
the potential effects of AM fungi inoculation in this 
fruit  species.  Nevertheless,  the  occurrence  of  root 
colonization  by  the  strain  G. intraradices  provides 
clear evidence that shea tree can be considered as a 
susceptible host species.
Mycorrhizal root infection was found in all AM 
fungi-inoculated treatments regardless of fertilization 
rate. It is well recognized that increasing P supply can 
either suppress root colonization by AM fungi when N 
is sufﬁcient, or promote it under conditions of N stress 
(Sylvia et al., 1990). Stimulation of root colonization 
in N limited Artemisia vulgaris on highly P-rich sites 
(120 g P.kg-1) (Blanke et al., 2005) further highlighted 
the  importance  of  soil  N  status  on  the  formation 
of  mycorrhiza.  In  the  present  study,  the  ability  of 
G. intraradices to colonize roots of shea seedlings at 
increasing P rates may be explained by N stress.Nutrient and mycorrhizae effects on growth of shea butter tree  101
5. CONCLUSION
The results of the present investigation demonstrated 
that shea tree is susceptible to AM fungi infection. 
There  was  no  evidence  however  that  mycorrhizal 
association had any beneﬁcial effects on this species 
at  seedling  stage  when  inoculated  with AM  fungus 
G. intraradices,  probably  because  of  either  sandy 
nature  of  the  substrate  used  or  the  established 
symbiosis was ineffective. Thus, further studies are 
needed to address potential advantages of mycorrhizal 
associations  for  shea.  The  results  also  showed  that 
limited N growth conditions appeared to be the main 
constraint to biomass accumulation for shea seedlings. 
This  could  be  partially  alleviated  by  the  combined 
application  of  N  and  P  fertilizers,  but  seedling 
response to fertilization was ultimately dependent on 
the  ratio  between  both  nutrients.  Maximum  growth 
improvement  was  achieved  by  applying  2 mg  N 
and  6.4 mg  P.kg-1,  or  12 mg  N  and  0.7 mg  P.kg-1. 
Additionally,  the  data  provided  indications  that  N 
requirements  for  optimal  growth  of  shea  seedlings 
could  be  much  lower  than  12 g.kg-1,  whereas  the 
need  for  P  remained  unresolved.  Overall,  from  the 
study reported here and the very limited literature on 
shea nutrition it can be concluded that consideration 
by growers of external N input relative to P supply, 
possibly along with soil K concentration, is important 
to the successful use of mineral fertilizers to promote 
growth of shea seedlings in nurseries.
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